Salivary, snout, and secondary salivary glands are recorded in the foregut region of Conus Javidus, C. lividus, C. litteratus, C. miles, C. vexillum, and C. virgo. C. imperialis has a salivary gland only.
The marine gastropod family Conidae is well represented in Australian waters, particularly on the Great Barrier Reef. All species are thought to possess a venom apparatus used in the capture of prey. Kohn (19.59~) has shown that within the genus three groups can be distinguished on the basis of feeding habits. Most feed on marine worms, mainly polychaetes, while the second group feeds on fishes and the third on other gastropods.
Only three papers on the anatomy and histology of the venom apparatus and associated structures in Conus deal with vermivorous species. Bergh (1896) examined 33 species of Conus, Alpers (1931) studied C. lividus Hwass in Bruguibre, and Martoja (1960) C. mediterra~eus Bruguikre.
The results of Alpers and Bergh differ considerably, possibly because they used material which had been preserved for several years. However, both these authors describe certain foregut glands which have not otherwise been recorded in Conus. My preliminary dissections demonstrated the presence of these glands in some local Australian vermivorous species.
Detailed anatomical, histological, and histochemical studies were made on the foregut glands of locally obtainable vermivorous Conus in an attempt to elucidate their homologies, structure, and function. This paper deals with the snout, salivary, and secondary salivary glands. The venom gland will be discussed in a subsequent paper.
Specimens of Conus JEavidus Lamarck, C. imperialis Linne, C. litteratus LinnB, C. lividus* Hwass in Bruguibre, C. miles Lime, C. vexillum Gmelin, and C. virgo LinnB, were obtained from the Great Barrier Reef and kept without feeding in a recirculating sea-water system for a maximum of 2 weeks before use. The shell of each specimen was cracked in a vice and the animal removed and dissected under a binocular microscope. The presence and size of the foregut glands was noted.
(a) Histology
Foregut glands from C. JEavidus and C. lividus were dissected and routinely fixed in one of the following: Carnoy, Susa, aqueous Bouin's, Bouin-Duboscq, Baker's formol-calcium, or 10% formalin with 0.5 % cetyl pyridinium chloride (Pearse 1968, p. 604) . A range of fixatives was tried in an attempt to overcome problems of glandular dtscharge. Fixed tissues were washed in water, dehydrated in ethanol, cleared in xylene, toluene or cedar oil, and vacuum embedded in Paraplast. Longitudinal and transverse sections 5-7 pm thick were cut and stained with Harris' haematoxylin and eosin, Mallory's connective tissue stain, or Masson's trichrome stain.
Some pieces of salivary and secondary salivary glands were fixed in 2 % buffered glutaraldehyde, post-fixed in buffered 1 % osmium tetroxide at 4"C, dehydrated in acetone, and embedded in Araldite. Sections were cut at 2 pm and examined under phase-contrast illumination, either unstained or stained with toluidine blue 0 in borax.
(b) Histochemistry
A summary of protein and amino acid tests performed, groups reactive to them, and references, is given in Table 1 . Mazia, Brewer, and Alfert 1953 Weiss, Tsou, and Seligman 1954 Pearse 1968 , p. 606. Adams 1957 Baker 1947 Barnett and Seligman 1952 Pearse 1968 , p. 626 Pearse 1968 , p. 626 Barnett and Seligman 1958 The glands were also subjected to the following histochemical tests for carbohydrates and mucosubstances :
(1) General reactions : periodic acid-Schiff (PAS) with and without prior diastase digestion (McManus and Mowry 1960, p. 145) ; alcian blue at pH 2.5 and PAS (Mowry 1963) .
(2) Reactions for visualization of the type of acidic mucosubstance: Azure A at pH 1.0, 2.5, and 4.0 (Pearse 1968 , p. 667, after Spicer 1960 ; alcian blue at pH 2.5 and 1.0 (Spicer 1960) ; alcian blue in 0.1, 0.2, 0.5, 0.6, 0.8, and 1 .OM MgClz (Scott, Dorling, and Quintarelli 1964) ; aldehyde fuchsin followed by alcian blue at pH 2.5 (Spicer and Meyer 1960) .
(3) Reaction for hyaluronic acid and chondroitin 4-and 6-sulphates: hyaluronidase digestion followed by alcian blue at pH 2 . 5 with buffer-incubated controls (McManus and Mowry 1960, p. 147) .
Protease activity was demonstrated histochemically using the substrate film method of Fratello (1968) . In this method the enzyme substrate used is the gelatin of fixed unexposed photographic colour film (16 mm Ektachrome MS). The three gelatin layers of the film each contain a different coloured pigment-yellow, magenta, and cyan respectively. Cyan is closest to the celluloid backing. As the colour of the digested site is a measure of the number of layers digested the progress of proteolysis can readily be observed. Controls were run using BDH crystalline trypsin.
Material for the various histochemical tests was fixed as recommended by Pearse (1968) , routinely processed, and embedded in Paraplast. Cryostat sections of unfixed tissue at 16 pm were used in the test for protease activity.
The species of vermivorous Conus dissected and the presence and size of the foregut glands for each are given in Table 2 , while the general arrangement of the glands is illustrated in Figure 1 . The presence of salivary, secondary salivary, and snout glands was recorded in all species except C. imperialis which had a salivary gland only.
The results of the histological and histochemical studies of the foregut glands of C. j7avidus and C, lividus follow. Only part of the venom duct, which was 165 mm long, is shown. The venom bulb was 14 mm long.
(b) Section through the proboscis at a -a,. Scale 500 pm. Abbreviations: b, brain; bt, buccal tube; emf, circular muscle fibres; mb, muscle bundles; o, oesophagus; p, proboscis; ps, proboscis sheath; rs, radular sac; sd, salivary duct; sg, salivary gland; sng, snout gland; ssg, secondary salivary gland; ssgd, secondary salivary gland duct; vb, venom bulb; vd, venom duct.
(a) Salivary Gland
The single salivary gland ( Fig. 1) is found against the anterior wall of the body cavity to the left of the pharynx, close to the brain. Two fine salivary ducts, each lined with a ciliated cuboidal epithelium (Figs. 1 and 2), pass round the pharynx (one above and the other below) and open at opposite sides into the proximal arm of the radular sac. The cuboidal epithelium was approximately 12pm high in fixed specimens and the centrally placed nuclei were about 6 pm in diameter. Within the gland each duct branched successively and the gland cells, which occurred in clusters (Fig. 3) , were each associated with a ductule which, in both C. Jiavidus and C. lividus, had a lumen approximately 10pm in diameter (Fig. 4) .
Each gland cell had a circular nucleus pressed against the cell wall, often obscured by the cytoplasm packed with secretory granules up to 2 pm in diameter (Figs. 3 and 4) . The granules stained pink with eosin. Secretory granules could also be seen in the collecting ducts (Fig. 2) .
The gland cells of Conus lividus measured up to 30 pm in diameter and were densely packed in the gland (Fig. 3) . In contrast, the cells of C.Jiavidus rarely exceeded 14 pm in diameter and were more sparsely distributed.
In both species the secretory granules reacted to the histochemical tests for amino acids and proteins and to the PAS procedure. Tests for glycogen and acid mucosubstances were negative. This suggested that the granules contained neutral mucosubstance and protein. The tests for amino acids indicated that the concentrations of tyrosine, arginine, and tryptophan were higher than those of amino, disulphide, sulphydryl, and side-chain carboxyl groups. The intensity of the reaction to the PAS procedure and to the tests for tryptophan and arginine varied from weak to strong. In some cells the cytoplasmic granules all reacted similarly, in others the granules reacted with varying intensities.
Fresh frozen sections of the salivary glands of both species digested the gelatin of photographic colour film. The tissue protease activity of the salivary gland of C. lividus was much the greater, as digestion of all the layers of gelatin of the film occurred in 5 min at 38°C. C. Jiavidus tissue had to be incubated for 30 min at the same temperature before layers 1 and 2 of the gelatin were digested.
(b) Snout Gland
The position of the snout gland can be seen in undissected specimens as a slight bulge of the body wall to the right of the proboscis sheath. The gland opens by an aperture about 1 a5 mm in diameter at the base of the internal surface of the proboscis sheath on the right-hand side (Fig. 1) .
It was difficult to obtain satisfactory sections of the snout gland as all the fixatives tried, except 10 % formalin with 0 5 % cetyl pyridinium chloride, caused extensive discharge of the gland. Histological and histochemical observations were confined to undischarged gland cells. Sections of the gland showed that it was surrounded by a muscular sheath made up of several layers of circular muscle fibres (Fig. 5) . The glandular epithelium surrounding the lumen occurred in folds up to 1 mm deep in fixed material. In cross-section two layers of muscle fibres could be seen at the centre of each fold (Fig. 5) . These fibres were continuous with the external muscular sheath. A layer of columnar epithelial cells was situated on either side of the muscle fibres. These cells were usually about 90pm long, although some cells attained a length of 140 pm.
Two types of columnar cells could be distinguished with haematoxylin and eosin staining (Fig. 5) . The more common cells (designated type A) had round basal nuclei approximately 6 pm in diameter, and cytoplasm which stained purple. The others (type B) were distinguished by the spindle-shaped nucleus, about 12 pm long, in the top half of the cell and by the cytoplasm which, when visible, was stained pink.
In both C.fEavidus and C. lividus the two types of snout gland cells were negative to the mercuric bromphenol blue test for protein and to the tests for tryptophan and arginine, but weakly positive to the tests for the sulphur-containing amino acids.
The cytoplasmic contents of type A cells reacted in two ways to several of the tests for mucosubstances. One set of reactions corresponded to that of the major component of the secretion in the lumen of the gland and is designated as secretion 1. The other component of cell type A cytoplasm is described as secretion 2. The second lumen component had similar reactions to the type B cells.
Secretion 1 was PAS-negative and testicular hyaluronidase-resistant. It was strongly alcianophilic at both pH 2.5 and pH 1 .O, which suggested that it was a weakly to moderately acidic sulphated mucosubstance. The dark purple of the aldehyde fuchsin reaction followed by alcian blue, the persistence of alcianophilia in magnesium chloride concentrations as high as 0 . 6~, and the metachromatic staining with Azure A at pH 1.0, 2.5, and 4.0, were all further indications that secretion 1 was sulphated.
Secretion 2 did not stain with alcian blue and was PAS-positive but stable to diastase digestion, which indicated that it was not glycogen. It stained metachromatically with Azure A at pH 1 .0,2 -5, and 4.0, and stained strongly with aldehyde fuchsin, all of which suggested that it was also sulphated.
The cytoplasm of the type B cells was also alcian blue negative, strongly PASpositive, and diastase-resistant, and stained purple with aldehyde fuchsin followed by alcian blue. It differed from secretion 2 in that it stained orthochromatically with Azure A at pH 1.0, 2.5, and 4.0.
The above results indicated that secretion 1 was a weakly to moderately sulphated mucosubstance and that secretion 2 and the cytoplasm of the type B cells were, probably, strongly acidic sulphated mucosubstances.
(c) Secondavy Salivary Gland
The secondary salivary gland (Fig. 1 ) occurs in the body cavity to the right of the pharynx in the region of the subintestinal ganglion (Shaw 1914) , on top of the dorsal surface of the muscular sheath surrounding the snout gland. It varies greatly in length in the different species in which it is present (Table 2) , and is often very convoluted. The secondary salivary gland is tubular, and narrows anteriorly into a fine duct. This duct was too fine to follow by dissection; it was traced in serial sections and found not to traverse the nerve ring but to run forward on the ventral side of the proboscis and open close to the mouth.
The gland was lined by a cuboidal epithelium up to 20 pm high (Fig. 6) . Each cell had an oval nucleus. Below this was a thin layer of circular and longitudinal muscle fibres which overlay the region of secretory cells. In tissue fixed in glutaraldehyde and post-fixed in osmium, small granules could be seen in the cytoplasm of the secretory cells. The refractive index of the granules was different in the region of the secretory cells nearest the muscle layer. These granules could also be seen in between the muscle fibres, between the cuboidal epithelial cells, and in the lumen of the gland (Fig. 6) .
In both C.fEavidus and C, lividus the secretory granules of the secondary salivary gland reacted only to the histochemical tests for amino acids and proteins and to the PAS procedure, which indicated that these granules contained neutral mucosubstance and protein. The tests for amino acids suggested that the concentrations of tyrosine and tryptophan were higher than those of the other amino acids tested. Only in the PAS procedure was there any differential staining of the granules in different regions of the gland. The increase in intensity of the reaction corresponded with the change in refractive index of the granules noted above. The degree of intensity of the reactions of the secretory granules of C. lividus to the PAS procedure and to the tests for tyrosine, arginine, and disulphide groups was greater than those of C. flavidus. Fresh frozen sections of the secondary salivary glands of both species failed to digest the gelatin of photographic film, which indicates that no detectable tissue gelatinase activity was present in the gland.
IV. DISCUSSION (a) Salivary Gland
A salivary gland with ducts opening into the radular sac is uncommon in prosobranch molluscs, but has been described in most species of Conus investigated (Bergh 1896; Hermitte 1946; Hinegardner 1958; Endean and Duchemin 1967) . Representatives from the three feeding groups have been examined. Bergh failed to find the gland in C. vexillurn, and Alpers (1931) described the salivary gland of C. lividus as a tubular structure opening into the pharynx. However, the presence of typical conid salivary glands in both these species has now been established (Table 2) and it seems likely that these glands are present throughout the genus irrespective of feeding type.
The histology of the salivary glands of C. jlavidus and C. lividus is basically similar to that of the salivary gland of the piscivore C. magus (Endean and Duchemin 1967) . Histochemical data are not available for other species of Conus, but tests performed on the salivary glands of C.JEavidus and C. lividus indicate that the secretion contains neutral mucosubstance and protein. Some of the histochemical tests produced different intensities of reaction in secretory granules of the same cell and between different cells. This may reflect different stages in the secretory cycle or the secretion of more than one product by the gland. The detection of tissue protease activity in fresh sections of the salivary glands of both species indicates that a function of the gland is the secretion of proteolytic enzymes into the short arm of the radular sac. The latter is an L-shaped structure, the short arm of which opens into the pharynx (Fig. 1) . The hollow harpoon-like teeth are secreted by cells in the long arm and, when fully formed, are stored in the short arm (Endean and Duchemin 1967) . Sections of the radular sac show that teeth in the long arm of the sac are surrounded and blocked by the remnants of the epithelium which gave rise to them (Endean and Duchemin 1967; Marsh, unpublished data) . The teeth in the short arm of the radular sac are free of this cellular debris and it is suggested that it may be digested away by the salivary gland proteases.
The salivary gland of C. JEavidus appears to produce less secretion than that of C. lividus. Not only are there fewer and smaller gland cells but the protease activity of tissue slices incubated with gelatin was far less. This phenomenon is puzzling as both species feed mainly on polychaetes and enteropneusts (Kohn 1959a) , have fairly similar radular teeth (Endean and Rudkin 1965) , and are of a comparable size. As each tooth is used only once, activity differences may be related to differences in feeding rate. However, this too seems unlikely. Kohn (1959~) The presence of a snout gland which opens into the space between proboscis and proboscis sheath has been previously recorded in several species of cone shells (Bergh 1896; Alpers 1931) . This gland has not been described in other gastropods and appears to be peculiar to some species of Conus (Hyman 1967) . Of the 18 species in which the gland has been recorded, only C. striatus is known to be not vermivorous but piscivorous. The snout gland of C. striatus was described by Bergh (1896) as very small (length 1.2 mm, diameter 0.3 mm), which is much smaller than in vermivorous forms (Table 2) . However, C. imperialis and C. millepunctatus Lamarck, two of the eight species in which the snout gland is definitely absent, are known to be vermivorous.
The structure of the snout glands of C. JEavidus and C. lividus was very similar and agreed in most respects with Alpers' (1931) description of the gland in C. lividus. Both types of secretory cell in the gland have been shown histochemically to secrete products which have reactions characteristic of sulphated acid mucosubstances (Spicer 1960; Spicer and Meyer 1960; Spicer, Leppi, and Stoward 1965) . The presence of two histochemically distinct components in the cytoplasm of type A cells could represent mature and immature secretion or two separate secretory products.
Only one form of the secretion was ever found in the lumen of the gland, which suggests that secretion 1 may be the mature form of the secretory product of cell A and secretion 2 its precursor.
The snout gland mucosubstances reacted weakly or not at all to histochemical tests for proteins, even though mucins contain a protein core as well as saccharide side-chains. Similar findings have been reported for some mammalian epithelial mucins (Lev and Gerard 1967) .
As little is known about the role of mucosubstances in invertebrates (Jakowska 1965 (Jakowska , 1966 Hillman 1968) , it is difficult to speculate on the function of the snout gland. If the secretion is used to lubricate the prey while feeding, as suggested by Alpers (1931) , it is puzzling that it is absent in some species. A possible explanation for this is the observation that in aquaria some vermivorous cones do not always sting their prey (Kohn 1959a; Saunders and Wolfson 1961 ; Marsh 1970) . If they do not, the proboscis sheath, but not the proboscis, is extended to engulf the prey. This may be an explanation for the presence of a mucus gland on the inside surface of the proboscis sheath of some vermivores but does not explain the presence of the gland in the fish-eating C. striatus.* If the presence of the gland is dependent on the nature of the prey and the amount of mucus it produces, it is surprising that the gland is absent in C. imperialis. This is one of the few cones which preys on amphinomid polychaetes or fire-worms (Kohn 1959a) , which have large, long, hollow setae that break easily on touch and release contained poison into the lesions. It is not known whether a snout gland is present in the other amphinomid-eating cones.
(c) Secondary Salivary Gland
In addition to the ordinary prosobranch salivary glands, of which the salivary gland of Conus is an example, some stenoglossans possess additional salivary glands of characteristic structure (Fretter and Graham 1962, p. 165) . These glands, which may be single or paired, have been recorded from most Muricacea (Graham 1941 ; Franc 1952) , several of the Olividae (Kuttler 1913; Marcus 1959, 1968) and several of the Marginellidae (Graham 1941 ; Marcus and Marcus 1968; Ponder 1970) . The glands have been variously named secondary salivary glands (Kuttler 1913; Marcus and Marcus 1968) , accessory salivary glands (Graham 1941; Marcus and Marcus 1968; Ponder 1970) ventral salivary glands (Robinson 1960) and tubular salivary glands (Fretter and Graham 1962, p. 165) . The term secondary salivary gland is adopted here.
The secondary salivary glands of Conus described in this paper correspond in histological structure and position with similar glands found in other families. This is the first time that secondary salivary glands have been recognized in Conus, although Bergh's (1896) drawings of supplementary glands in C. ebraeus, C. maculosus, and C. vexillum undoubtedly refer to the same structure. These glands have not been found in any fish-or mollusc-eating cone and are not present in at least one vermivorous species, C. imperialis.
* The feeding observations of Johnson and Stablum (1971) on C . geographus are not discussed here, as an obvious snout gland does not appear to have been recorded in this species.
The function of these glands is not known. It has been suggested that they possibly produce a secretion which assists in boring, as they occur in most Muricacea, which are active borers. The glands do not, however, produce digestive enzymes or substances such as acids, which are known aids to boring (Graham 1941) . The secretion of the secondary salivary glands of C.Jiavidus and C. lividus contains neutral mucosubstance and protein and has no detectable protease activity, so is also unlikely to be used in boring. It is puzzling that in both the Conidae and Marginellidae the gland is present in some species only. Furthermore, its occurrence is apparently independent of diet, as in C. vexillum, which eats eunicids (Kohn 1959a ), the gland is particularly large whilst C. miles, which also feeds on eunicids, has a much smaller secondary salivary gland ( Table 2) .
One of the theories advanced for the origin of the toxoglossan poison gland is that it is homologous with the stenoglossan secondary salivary gland (Graham 1941 ; Robinson 1960; Marcus and Marcus 1968) . The presence of both glands in several species of vermivorous Conus makes this unlikely.
